A new hydride in the MgH 2 -YH 3 system was found by using a high pressure of 5 GPa, and their crystal structure, thermal stability and hydrogen content were studied. The high-pressure synthesis was carried out at 1073 K for 2 h under 5 GPa by using an anvil-type apparatus. In the MgH 2 -xat%YH 3 system (x = 33-100), novel hydride was synthesized near x = 67 (MgY 2 H y ). This phase exhibited a FCC-type structure with a cell parameter of a = 0.516 nm. This high-pressure phase was dehydrogenated at about 600 K under an Ar atmosphere of 0.05 MPa, and the FCC structure was maintained after dehydrogenation. The amount of hydrogen desorbed at about 600 K was 1.4 mass%.
Introduction
High-pressure synthesis is an effective technique to obtain new compounds, and used in a variety of research fields, including high-T C superconductors and metal hydrides. The high-pressure synthesis can be mainly classified into two groups according to the manner of generating pressures, that is, autoclave-type and the anvil-type apparatuses. Many new hydrides such as CsMgH 3 , 1) LaMg 2 H 7 2) and RbMgH 3 3) have been prepared under a hydrogen pressure of around 10 MPa by using the autoclave-type apparatus. On the other hand, Mg 3 MnH 7 , 4) Sr 2 MgH 6 5) can be synthesized under a high pressure of GPa order by using the anvil-type apparatus. In addition, Mg 2 NiH 3.4 , 6, 7) Ca 2 NiH y , 8) (Ca 0.6 Mg 0.4 ) 2 NiH y , [9] [10] [11] and MgCaH y 10, 11) have been synthesized by using the anviltype apparatus in our previous work.
Since rare earth elements (RE) have compressibilities as high as Mg, there seems to be possibility to obtain novel hydrides in the Mg-RE systems. Therefore, the Mg-Y system is selected as the subject of this study.
The purpose of this study is to explore a new hydride of the Mg-Y system by using the anvil-type apparatus and to investigate the crystal structure, thermal stability and hydrogen content of the newly-found hydride.
Experimental Procedures
Raw materials were MgH 2 (purity 90 mass%) and YH 3 (purity 99.9 mass%) powders. A powder mixture was pressed into a pellet and put into a BN container in a grove box filled with Ar gas as shown in Fig. 1(a) . The BN container is expected to work as an insulator. On the other hand, NaCl container was used ( Fig. 1(b) ) in the case of synthesis with hydrogen source. As a hydrogen source, a mixture of Ca(OH) 2 and NaBH 4 was used. The NaCl container is expected to work as a gas-sealer and an electrical insulator. The container was then put into a graphite tube heater, and placed into pyrophyllite as a pressure-transmitting medium.
The high-pressure synthesis was carried out using a cubic- anvil-type apparatus. Samples were prepared at 1073 K for 2 h under 5 GPa, which was generated by a 700-ton oil hydraulic pump. The pressure was increased up to 5 GPa at about 80 MPa/min, and then the temperature was raised to 1073 K at 160 K/min by passing an electric current through the graphite tube heater. After soaking for 2 h at the process temperature, the electric current was turned off. Since it took a few seconds to cool to room temperature from the process temperature, samples can be regarded as quenched. After that, the process pressure was reduced down to atmospheric pressures at about 80 MPa/min, and the samples were taken out.
Phase identification was performed by X-ray diffraction (XRD) using Cu-Kα radiation. Thermal stability was investigated using a differential scanning calorimeter (DSC) under an Ar flow of 0.05 MPa. Compositional analysis was performed by SEM-EDX. The Hydrogen content was calculated from a weight loss observed in a thermogravimetric analysis (TGA) coupled with mass spectroscopy. Figure 2 shows X-ray diffraction patterns of MgH 2 -xat%YH 3 (x = 33, 50, 67, 80 and 100) samples prepared at 1073 K for 2 h under 5 GPa. The cell parameter was a = 0.516 nm. This sample showed a yellowish color and was stable under the atmospheric pressure in air.
Results and Discussion
To investigate the thermal stability of the samples, DSC measurements were performed. Figure 3 shows the DSC curves of MgH 2 -xat%YH 3 (x = 33, 67, 80 and 100) samples prepared at 1073 K for 2 h under 5 GPa. For the sample with 33 at%YH 3 , which contained MgH 2 , an endothermic peak corresponding to dehydrogenation of the MgH 2 secondary phase was observed at about 660 K. In addition, for all the samples from x = 33 to x = 100, an endothermic peak with an onset at about 600 K was observed. This peak can be assigned as a dehydrogenation process of the new FCCtype phase. Since YH 3 exhibits partial dehydrogenation at the same temperature (see Fig. 3(d) ), the FCC-type phase is considered to be thermally as stable as YH 3 . The samples with the FCC-type high-pressure phase changed into a black color from the yellowish color after the DSC measurement. Figure 4 shows X-ray diffraction patterns of MgH 2 -x at%YH 3 (x = 33, 67, 80 and 100) samples after the DSC measurement. Even though the hydrides prepared under highpressure usually decompose into equilibrium phases after de- hydrogenation, the new FCC structure was maintained even after dehydrogenation for the samples of x = 33, 67 and 80. This seems to be the first observation of high-pressure hydride that can maintain its crystal structure after dehydrogenation. For the sample that contained YH 3 before the DSC measurement, Y 2 O 3 and YH 2 were observed after DSC. Both Based on these XRD and DSC analyses, the FCC-type phase of MgY 2 H y can be considered as a novel high-pressure hydride.
To investigate the hydrogen content of the FCC-type highpressure phase, TGA was performed. Figure 5 shows the TG and TDS curves of the novel hydride (MgY 2 H y ). From around 600 K, the weight loss due to hydrogen desorption was observed. From its weight loss, the amount of hydrogen was estimated to be 1.4 mass%. Therefore, the hydride can be described as MgY 2 H 2.82 , and H/M = 0.94. The H/M ration of 0.94 appears to be small compared with that of most hydrides (H/M 2) including high-pressure hydrides. This might imply that a certain amount of hydrogen have remained in the hydride after DSC measurement up to 773 K.
As mentioned above, since FCC-type structure was maintained after dehydrogenation, this novel hydride might be capable of absorbing hydrogen reversibly. Thus, the sample of x = 67 with FCC-type phase after dehydrogenation was hydrogenated by using a hydrogen source at 1073 K for 2 h under 5 GPa. As a result, the FCC structure was maintained as shown in Fig. 6 , and the color of sample turned into yellowish again. Consequently, this novel high-pressure phase was found to be able to reversibly absorb hydrogen under high pressure.
Conclusion
The synthesis of novel hydride in Mg-Y system by using a high-pressure apparatus has been conducted. The novel hydride with yellowish color was synthesized at 1073 K for 2 h under 5 GPa. The chemical composition of the novel hydride was around MgH 2 -67 at%YH 3 . This phase exhibited a FCC-type structure with a cell parameter of a = 0.516 nm. It was thermally stable up to about 600 K under Ar flow of 0.05 MPa. The amount of hydrogen desorbed at about 600 K was 1.4 mass%. The FCC-type structure was maintained even after dehydrogenation. Moreover, this novel high-pressure phase was found to reversibly absorb hydrogen under high pressure.
